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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, Gyung-Su CHO, a citizen of the Republic of Korea, 

residing at 1622-1901, Sarang maeul, 417, Sang-dong, Wonmi-ku, Bucheon-city, 

Kyungki-do, 420-1901, the Republic of Korea have invented a new and useful 

SEMICONDUCTOR DEVICE AND FABRICATION METHOD THEREOF, of 

which the following is a specification. 
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SEMICONDUCTOR DEVICE AND FABRICATION METHOD THEREOF 

FIELD OF THE DISCLOSURE 
[0000] The present disclosure relates to a semiconductor device. More particularly, the 
present disclosure relates to a bonding pad of a semiconductor device and a fabrication 
method thereof. 

BACKGROUND 

[0001] A bonding pad acts as a terminal for interconnecting a semiconductor device 
and a package. That is, following packaging of a pad, which exposes a predetermined 
portion of a metal line of an uppermost layer of the semiconductor device, connection is 
made to a region used for connection to a pin. Through such a bonding process, the 
semiconductor device is electrically connected to an external device such as a power 
supply assembly. 

[0002] So that good bonding is realized, no foreign substances may be present nor can 
an oxidation layer be formed on a surface of a metal thin layer that forms the bonding 
pad. However, in conventional devices, the surface of the metal line becomes oxidized 
or a refractory metal is left remaining thereon. In either of these two cases, bonding is 
not performed in a satisfactory manner, a bonding line becomes unaligned, and other 
similar problems may occur. 

[0003] If copper is used for the metal line, the copper may be easily corroded or 
oxidized thereby preventing bonding from being fully performed when the copper line is 
exposed to air. Even with the advantages of copper, particularly its ability to increase 
the driving speed of the device as a result of its low resistance, copper cannot typically 
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be used for the uppermost metal line because of this drawback. In a case where copper is 
used despite this problem, a high bonding defect rate often results. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0004] FIGS, la through If are partial sectional views that depict an example method 
for fabricating a semiconductor device. 

DETAILED DESCRIPTION 
[0005] In one example embodiment, a semiconductor device in which a bonding pad 
thereof is formed so that no bonding defects result even with the use of copper for a 
metal line of an uppermost layer. In the example embodiment, the semiconductor device 
includes, in a structure realizing a pad by exposing a predetermined region of a metal 
line formed on a semiconductor substrate, an alloy layer formed the metal line exposed 
through the pad. The alloy layer is formed by a reaction between the metal line and a 
metal having a melting point of 1000 °C or less. The metal line is preferably made of 
copper. Also, the metal having a melting point of 1 000 °C or less may be aluminum, 
lead, or silver. Preferably, the thickness of the alloy layer is less than a thickness of the 
metal line. A protection layer made of silicon nitride or silicon oxynitride is preferably 
formed over the metal line, except where the pad is formed. Preferably, a barrier metal 
layer made from a metal such as Ti, Ta, TiN, or TaN is formed along inner walls of a 
via to prevent the permeation of the metal line into an adjacent element. The barrier 
metal layer may be formed to a thickness between 200 A and 800 A. A width of the pad 
is preferably less than a width of the via. 

[0006] In another example embodiment, in a structure of a semiconductor device in 
which a via is formed by etching a predetermined region of an insulation layer on a 
semiconductor substrate and the via is filled with a metal for forming a metal line, a 
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method for fabricating the semiconductor device includes forming a reaction layer on an 
outermost surface of the metal line and the insulation layer. The reaction layer has a 
melting point of 1000 °C or less. Also, a heat-treating process is performed to react the 
reaction layer and the metal line, thereby forming an alloy layer in contacting surfaces 
of the reaction layer and the metal line. Chemical mechanical polishing is performed 
until the insulation layer is exposed such that the alloy layer is left remaining only 
within the via. Finally, a protection layer is formed on the insulation layer and the alloy 
layer, and etching a predetermined region of the protection layer to form a pad that 
exposes a predetermined region of the alloy layer is performed. 

[0007] The reaction layer is made of a material such as aluminum, lead, and silver, and 
a physical vapor deposition process that includes sputtering is preferably used to form 
the reaction layer at a temperature of 300 °C or less. Preferably, the reaction layer is 
deposited to a thickness that is less than a thickness of the metal line. The heat-treating 
process is preferably performed at a temperature of 350-450 °C and for a duration of 1 0 
to 60 minutes. Preferably, the copper line is formed on a barrier metal layer after 
forming the barrier metal layer from a metal selected from the group consisting of Ti, 
Ta, TiN, or TaN along inner walls of the via to prevent the permeation of the metal line 
into an adjacent element, and the barrier metal layer is formed to a thickness between 
200 A and 800 A. The copper wiring is then formed on the barrier metal layer. 
Preferably, a cleaning process is performed following chemical mechanical polishing, 
and following the cleaning process, a heat-treating process is performed at a temperature 
of 250-350 °C for a duration of 10 to 60 minutes. 

[0008] With reference to FIG. 1 f, a semiconductor device is structured to include a 
pad 200 formed by exposing a predetermined region of a copper line 3, which is formed 
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on a semiconductor substrate 1 . Formed on an uppermost, exposed surface of the copper 
line 3 is an alloy layer 5. The alloy layer 5 is formed to a predetermined thickness and 
by a reaction between the copper line 3 and a metal layer of a low melting point, that is, 
a metal layer having a melting point of 1 000 °C or less. Aluminum, lead, or silver may 
be used as the metal having a low melting point. Also, the thickness of the alloy layer 5 
is preferably less than a thickness of the copper line 3 . 

[0009] Silicon nitride or silicon oxy-nitride may be used as a protection layer 6. A 
barrier metal layer made of Ti, Ta, TiN, or TaN is formed along inner walls of a via. . 
The barrier metal layer prevents the copper line 3 from permeating an insulation layer 2. 
The copper line 3 may be formed on the barrier metal layer. The barrier metal layer is 
preferably formed to a thickness of between 200 A and 800 A. 

[0010] An example method for fabricating the semiconductor device according to the 
above-described example embodiment is described in the following with reference to 
FIGS, la through If. Referring first to FIG. la, an insulation layer 2 made of an 
oxidation layer is formed on a structure 1 of a semiconductor substrate, that is, on a 
semiconductor substrate on which individual devices are formed or on a lower metal 
line layer. A selective region of the insulation layer 2 is etched to form a via 100. A 
copper layer 3 is then formed on the insulation layer 2 and within the via 100 fully 
filling the same. 

[0011] Before depositing the copper layer 3, a barrier metal formed of a material such 
as Ta, Ti, TaN, and TiN is formed on the insulation layer 2. The barrier metal is formed 
to a thickness between 200 and 800 A, preferably 500 A. The barrier metal prevents the 
copper layer 3 from permeating the insulation layer 2. 
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[0012] Next, referring to FIG. lb, chemical mechanical polishing is performed on the 
copper layer 3 to flatten the same and until the insulation layer 2 is exposed, after which 
a cleaning process is performed. A reaction layer 4 is then formed to a predetermined 
thickness on the copper layer 3 and the insulation layer 2 using a physical vapor 
deposition process that includes sputtering method. 

[0013] The reaction layer 4 is formed of a metal material having a low melting point 
of 1 000 A or less. Aluminum, lead, or silver may be used as this metal. The reaction 
layer 4 is formed to a thickness less than that of the copper layer 3 so that an alloy layer, 
which is formed in a subsequent step, does not exceed a predetermined thickness. 
Further, the reaction layer 4 is preferably deposited at a relatively low temperature of 
300 °C or less. 

[0014] Referring to FIG. lc, a heat-treating process is performed such that a reaction 
occurs in the contacting surfaces between the copper layer 3 and the reaction layer 4 to 
thereby form an alloy layer 5 in this area. The portion of the alloy layer 5 formed on the 
copper layer 3 and that is within the via 1 00 is formed to a thickness that is less than that 
of the copper layer 3. The heat-treating process is performed at a temperature of 
approximately 350-450 °C and for 10 to 60 minutes, preferably for 30 minutes at 400 
°C. 

[0015] Next, with reference to FIG. Id, chemical mechanical polishing is performed 
until the insulation layer 2 is exposed such that the alloy layer 5 is left remaining only in 
the via 1 00 while the alloy layer 5 and the reaction layer 4 formed outside the area 
encompassed by the via 100 are removed. An upper surface of the alloy layer 5, 
therefore, is formed substantially flush with the insulation layer 2. A cleaning process is 
performed after chemical mechanical polishing. A heat-treating process may be 
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performed after cleaning at a temperature of approximately 250-350 °C and for 10 to 60 
minutes, preferably for 30 minutes at 300 °C. 

[0016] Subsequently, with reference to FIG. le, a protection layer 6 is formed on the 
alloy layer 5 and the insulation layer 2, then a photoresist is deposited on the protection 
layer 6. The photoresist is then exposed and developed to thereby form a photoresist 
pattern 7 in which an area of the photoresist where a pad will be formed is removed. 
Silicon nitride or silicon oxy-nitride may be used to form the protection layer 6. 
[0017] With reference to FIG. If, the photoresist pattern 7 is used as a mask to dry 
etch an exposed area of the protection layer 6. Next, the photoresist pattern 7 is removed 
then a cleaning process is performed, thereby completing the formation of a pad 200 
that exposes the alloy layer 5. 

[0018] In the above processes, an opening width of the photoresist pattern 7 that 
determines a width of the pad 200 is preferably less than a width of the via 100. This 
prevents areas of the insulation layer 2 adjacent to the via from being removed when 
etching the protection layer 6 to form the pad 200. 

[0019] In the example embodiment described above, the alloy layer is formed by a 
reaction between the copper line and reaction layer, effected by a heat-treating process. 
This is performed following the formation of the reaction layer on the copper line using 
a metal material having a low melting point. As a result, exposure of the copper line 
through the pad is prevented such that bonding defects resulting from corrosion of the 
copper line are minimized. This results in an improvement in the reliability of the 
device. The present invention is not limited in its application to only copper lines, and it 
is possible to find applications to lines made of other metals. 
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[0020] Although embodiments described herein have been described in detail 
hereinabove in connection with certain example embodiments, it should be understood 
that the invention is not limited to the disclosed example embodiments but, on the 
contrary, is intended to cover various modifications and/or equivalent arrangements 
included within the spirit and scope of the appended claims. 
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